Classical tests of arbitrage relationships on option markets usually follow an ex post methodology, checking whether immediate construction of arbitrage portfolios lead to positive flows. Therefore, they are no true tests of efficiency since identified deviations may not persist for a sufficient time for arbitrageurs to exploit them. In this paper, we use intradaily data and adopt an ex ante approach, replicating as closely as possible execution conditions available to traders on the CAC 40 option index contract between August 2000 and July 2001. Taking the ex post distortions to put-call parity as signals for the construction of ex ante arbitrage portfolios, we first compute the effective arbitrage profits accessible after fixed execution delays. These profits appear to be decreasing with the length of the delay. We further investigate the informational efficiency through the development of an original indicator we call "time to efficiency", which is simply the time necessary for the market to meet prices compatible with no arbitrage once an ex post deviation has been identified. These dynamical approaches allows us to evidence the positive influence of ETFs on efficiency since the persistence time of deviation have been cut by half following their introduction on the French market.
Introduction
Since it was first introduced by Stoll (1969) , the put-call parity relationship -and more generally the arbitrage relationships-has undergone many empirical tests on US markets 1 but also more recently on European markets. 2 What makes these tests of particular interest is that they make it possible to assess the efficiency of options markets without resorting to any option pricing model. The constraints attached to the prices of options are based on the mere hypothesis that there exist no arbitrage opportunities. A variety of methods and data have been used but all rely on the same basic principle. It consists in determining, after an adequate matching of contracts, whether the prices of the various options are mutually compatible with one type or another of arbitrage relationship and, when that is not the case, in measuring the profit potentially generated by an adequate strategy.
The most complete of all the research done in this area is undoubtedly Kamara and Miller's (1995) which seems to bring the issue to a temporary closure. In their study of the put-call parity relationship for the option on the S&P 500 index, they identify violations of the parity relationship significant enough to raise the possibility of market inefficiency. Indeed, those violations cannot be linked to an early exercise premium since the contract is of European style, or to the payment of dividends, the transaction costs supported and the short-selling costs since they are taken into account, or, finally, to the asynchrony of the data since some of the tests are led with intradaily data. They show that these violations essentially mirror the liquidity or immediacy risk deriving from the possibility of unfavourable price shifts between the time when the decision to build strategies is made and the actual execution of the orders. This liquidity risk is particularly high in the case of index options since arbitrage portfolios often require trading the stock basket which constitutes the index.
The recent launch of new financial instruments, the Exchange Traded Funds, on the Canadian and US markets of the early nineties as well as on the European markets a decade later, opens a possibility of trading indexes continuously and in cash, thus greatly easing the trades necessary to pursue the arbitrage strategies on the derivatives index contracts. The reduction in liquidity risk provided by 1 See, for put-call parity empirical studies, Gould and Galai (1974) on OTC options, Klemkoski and Resnick (1979, 1980) on stock options traded on the CBOE, Evnine and Rudd (1985) , Chance (1987) , Finucane (1991) and Wagner, Ellis and Dubofsky (1996) on S&P 100, and Kamara and Miller (1995) , Ackert and Tian (2001) and Bharadwaj and Wiggins (2001) on S&P 500, these last two studies testing also other arbitrage relationships, such as the box-spread, also tested by Billingsley and Chance (1985) , Chance (1987) and Ackert and Tian (1998) . 2 For empirical tests of arbitrage relationships on index contracts, see Puttonen (1993) for the Finnish market, Chesney, Gibson and Loubergé (1995) for the Swiss market, Cavallo and Mammola (2000) and Cassese and Guidolin (2001) for the Italian market, and Capelle-Blancard and Chaudhury (2001) for the French market.
this new replication opportunity should therefore be favorable to a greater compatibility of premiums with the arbitrage relationships. And yet, whether it be on the Toronto Stock Exchange (Ackert and Tian, 1998) with the launch of the TIPS or on the CBOE with the launch of the SPDRs (Ackert and Tian, 2001) , no significant effect has ever been shown.
However, these studies being based closing data, it introduces undoubtedly a bias of asynchrony. Moreover, if the existing studies do not make it possible to dismiss the representativeness of the closing data on US markets, 3 it cannot be taken for granted on the more recent European option markets which are still less active than their Anglo-saxon counterparts. On the Swiss market, the work of Chesney, Gibson and Loubergé (1995) is in that sense particularly enlightening. With the closing data, they note very few deviations from the minimum value of options and from the put-call parity relationships while some violation proportions are higher than 10% for the high-frequency data dealt simultaneously. The choice of closing data erasing the intradaily premiums variance then reinforces the hypothesis of the market's efficiency.
On the basis of ex post tests, Deville (2003) shows that the pricing of the CAC 40 index options seems to have come closer to the no-arbitrage values after the tracker was first launched. Still, some significant arbitrage opportunities remain, suggesting some degree of market inefficiency. However, revealing opportunities is not enough to term the market inefficient. For that, tests must be performed ex ante in which case it is vital to work with intradaily data of transactions to develop powerful efficiency indicators. Galai (1977) was first in highlighting that in order to conclude that a market is inefficient it is not only necessary to show that abnormal profits exist in relation to the risks taken, but also that the profits persist. This is why it is necessary to run ex ante texts "trying to replicate the alternatives (actually) open to the trader", thus ascertaining whether the identified opportunities can be exploited with the help of a given strategy. The strategy must in particular take the impossibility to intervene at the very moment when the signal is detected into account. Galai (1977) tests the efficiency of the CBOE by calculating the ex post and ex ante performances of a strategy based on the discrepancy between the recorded transaction premiums and their theoretical Black-Scholes' values.
Ever since, ex ante tests have been performed by observing a latent period before building arbitrage portfolios. Consequently, instead of considering that it is possible to trade instantly on the market or that there is no price staleness, the ex ante tests take into account the premium and the index value trends observed as well as, implicitly, the liquidity risk supported by arbitrageurs and investors. As far as applying this principle to the strategies based on the arbitrage relationships, Galai (1978) tests the lower limit on the option prices while Klemosky and Resnik (1980) are interested in the put-call parity relationship on the CBOE, the American Stock Exchange and the Philadelphia Stock Exchange with the matching pairs data sets developed in a previous study (Klemosky and Resnik, 1979) where the relationship was only tested on an ex post basis. Because the data at that time was only available on a daily basis, they delay by one day the building of the arbitrage portfolios and study to what extent the generated profits remain positive.
Using high-frequency data has made it possible to fine-tune this principle. Based on a signal given by an ex post deviation, the method most commonly used consists in building the arbitrage portfolio on the same trading day but only after an execution delay, set arbitrarily, has elapsed. Kamara and Miller (1995) have chosen as time delays the median time between the call and put transactions for each moneyness category on the option market as well as an execution delay running from two to fifteen minutes for the underlying index. On the German market, Mittnik and Rieken (2000) use several time lags, from one minute to a full day. Both studies show that if some deviations keep generating arbitrage profits, the average profits decrease with the waiting time and eventually become negative.
On the French market, Capelle-Blancard and Chaudhury (2001) investigate, inside a fifteen-minute window following the ex post deviations, whether there is another pairing with the same expiration month and strike price. Unfortunately, the results obtained in this way have little significance since it was possible to text ex ante only 236 pairings out of the 2,780 deviations identified ex post with no transaction costs using this process. Still, 87.1% (70.4%) of the long hedge (short hedge) deviations are followed with a new deviation which has an average stronger value (21.16 index points ex ante versus 17.13 points ex post for long hedges and 6.73 versus 5.89 for short hedges). This strong persistence of deviations in the parity relationship raises doubts regarding the informational efficiency of the MONEP between 1997 and 1999.
So it seems important to conduct such tests before drawing conclusions about the level of efficiency of the MONEP between August 2000 and July 2001. First, we followed Mittnik and Rieken's (2000) approach by imposing multiple execution delays. The number of pairings of our data set enables us to distinguish several categories of signals and to compare the respective reactions of the market for each one. Secondly, it seemed necessary to develop a new measure of the informational efficiency, the "time to efficiency." In particular, this measure makes it possible for the data bases of transaction premiums collected to be used more fully and for a more accurate view of the arbitrage profits' dynamics after the iden-tification of the deviations on the market. It is calculated as the time needed by the market, once a deviation has been identified, to meet prices compatible with no-arbitrage again for the securities included in the arbitrage portfolio.
In the next section we will describe the French markets and the CAC 40 index option and ETFs contracts. Section 3 will be devoted to the data bases developed and the summary results obtained ex post. The ex ante tests based on the observation of execution delays will be dealt with in Section 4 and we will, in Section 5, present our measurement of the informational efficiency, the time to efficiency. In the conclusion, we will go back over the lessons learned from these two types of ex ante tests on the efficiency of the Paris index derivatives market and the impact of the launching of the Exchange Trading Funds. 4 Actually, in year 2000, the CAC 40 index option contract (PXL ticker) counts for one third to one half of the whole option activity depending on whether it is measured by the open interest or the number of contracts traded. The efficiency of this contract therefore constitute an important benchmark of the MONEP efficiency. We shall first present the PXL contract before describing the CAC 40 Master Unit ETF and its negotiation system. 5 The CAC 40 index option is the most active contract of the MONEP with an average monthly volume of more than 7 millions traded contracts and of 1 billion Euros premium between August 2000 and July 2001. Contrary to the French stock market, which is order-driven, the MONEP is quote-driven. For the most actively traded contracts, market makers continuously compete for the order flow. They have the obligation to maintain a permanent bid-ask spread for option series near the money and must reply to any other investor's price demand. Transactions on 4 The MONEP is the French market for equity and index derivatives. 5 Informations given in this subsection concerns the our sample period. Since 14 April 2003 and the introduction of common rules applicable to Euronext derivatives markets (see Notice n the MONEP are carried out by matching buy and sell orders. Orders offering the best execution conditions are given priority, priority for orders at the same price being determined by their timestamp in the central order book. As it is the case for stock trading on Euronext Paris, after an fixing, the quote is continuously ensured from 9:02 to 17:30 on the automated system NSC and it ends by a closing fixing at 17:35 6 . The contract size of PXL contracts is equal to the value of the CAC 40 index multiplied by one Euro and the tick size is 0.1 index point. This contract is cash-settled 7 and, since January 1999, it is exclusively of European-style exercise. Trading covers eight rolling open maturities: three spot months, three quarterly maturities and two half-yearly maturities. 8 Strike prices are set at standard intervals of 50, 100 or 200 points depending on the expiration date. The series opened to trading are not necessarily the same for calls and puts. At every moment in time, at least three strike prices are listed: one "at the money" and two "out of the money". New series are created depending on the prices changes of the CAC 40 index.
CAC 40 index options
The CAC 40 index is the underlying of the PXL contracts. It consists in 40 stocks selected among the most active and representative of the various economic sectors quoted on Paris "Premier Marché". Its value is calculated continuously as the market value weighted average of the 40 stock prices, and disseminated every thirty seconds by Euronext Paris. The index is managed by an independent committee, the "Conseil Scientifique des Indices" which adapts the index as necessary to reflect changes in the market or in the market value of the constituent stocks. In our period of study, 3 stocks have been replaced in the index composition by some stocks more strongly capitalized, more active or belonging to an under-weighted sector. Moreover, on 2 march 2001, the index computational method has been modified so as to take into account the joint presence of both subsidiaries companies and their parent company. From then, only the fraction of capital of the subsidiary not owned by the parent company is accounted for in the computation if the index. 6 On 23 April 2001, Euronext implemented a common market model in its three constituent market places, Paris, Amsterdam and Brussels. The range of the continuous trading period have been slightly modified: it opens at 9:00 and close at 17:25, followed by a closing call auction (fixing) at 17:30 7 The settlement value is equal to the mean of all index values calculated and disseminated between 15:40 and 16:00 on the expiration day. 8 Note that the same expiration months are opened for the futures contract on the CAC 40 index, also traded on the MONEP.
NextTrack and the CAC 40 Master Unit ETF
Following the success of Exchange Traded Funds (or more commonly trackers) on the US markets and the successive listings of such financial products on European stock exchanges 9 , Euronext launched NextTrack on 9 January 2001 a market segment specifically dedicated to the negociation of these titles. Trackers are funds designed to track the performance of an index or a stock basket. The price of a tracker roughly corresponds to a fixed percentage of the underlying index, which ensures easy tradability. These titles are quoted on a continuous basis and throughout the trading day, with liquidity providers usually maintaining bid and offer prices.
CAC 40 Master Unit, the first tracker quoted in Paris since January 22, 2001 is aimed at replicating price and performance of the CAC 40 index. Its initial value was 1/100 th of the index value. An annual dividend is paid, equal to the total amount of dividends accumulated by the funds minus 0.30% of management expenses. Thus, on 10 September 2001, a dividend of 0.65 Euro has been delivered and brought the value of the tracker back to 1/100 th of the CAC 40 index. Trackers are traded through two different systems, one of which being specific to this kind of financial instrument. The primary market is the issuing market, where operations of creation and redemption of trackers are carried out. Trackers can afterwards be traded on its secondary market, NextTrack for those listed on Euronext .
As an open-ended funds, the assets under management can evolve over time, through the operations of creation and redemption of trackers, which are the traded units of the fund. Actually, the capital managed by the CAC 40 Master Unit issuer, namely Lyxor Asset Management, was equal to 768, 072 thousand Euros after one year of cotation and to 1, 054, 628 thousand Euros after two years. Creation as redemption may be made by institutional investors through contributions "in kind" or in cash corresponding to 500 times the Euro-denominated CAC 40 index that correspond exactly to a full multiple of 50,000 tracker units. . 10 The NAV is the value of all holdings in the fund priced at their current market price as well as thus created may be traded on NextTrack. NextTrack is organized as Euronext Paris Premier Marché but specific rules have been adopted for those financial instruments. This is the secondary market for the CAC 40 Master Unit, on which it is traded continuously through an electronic order book accessible to both issuers and investors from 9:05 to 17:25 11 One difference with the usual stock markets trading is the presence of two committed market parties that provide liquidity by giving continuous quotes for a minimum order size. Those kind of market-makers have to maintain a maximum spread of 0.40% up to 5 millions Euros for the CAC 40 Master Unit.
Therefore, two values for the tracker continuously coexist: the NAV, which represents the funds assets value and the market price resulting from transactions made on NextTrack. The spread between those two values is limited by the possibility of creation/redemption of the tracker units at the NAV price, since arbitrage trades between the two markets may then be possible for the funds participants (issuers). The funds manager is required to guarantee a strong correlation between the performance of the index and the basket of shares that he manages and should be helped in it by this trading system. Difference in performance between the index and the tracker can nevertheless be observed.
CAC 40 Master Unit tracking error
ETF, like index funds, aim to reproduce the risk and returns of a benchmark index. Perfect replication of an index over time is not possible and would nevertheless be too costly. Fund managers generally follow replicating index tracking strategies that only approximate the performance of the benchmark. The difference between the index and the fund performance is the so-called "tracking error". Tracker can be viewed as an alternative to index replication based on constituent stocks or futures trading in arbitrage portfolios only if it closely replicates the index, i.e. if its tracking error is low.
If tracking error can easily be defined on a static ground, average tracking error can be measured following different approaches. 12 Following Frino and Gallagher (2001), we compute tracking error with the indicators developed by Roll (1992) and Clarke, Krase and Statman (1994) respectively based on the mean (T E 1 ) and volatility (T E 2 ) of the absolute difference in returns of the tracker and the underlying index or benchmark. For R pt and R mt the respective tracker and CAC 40 all other assets, including cash, less liabilities, divided by the number of tracker units in circulation. 11 Note that a closing auction is organized at 17:35 and that trades after the Trading Hours can be effected at prices within a price range of 1% around the the last disseminated indicative NAV. 12 
We compute the two following indicators of tracking error over n trading days:
In order to avoid the overestimation bias due to serial negative autocorrelation in tracking errors evidenced by Pope and Yadav (1994) we compute those two measures for both daily and weekly returns.
Insert Table 1 .
Tracking errors of CAC 40 Master Unit for our post-introduction period and the first year of cotation are reported in Table 1 . Whatever the periodicity and the period, tracking errors appear to be very low, less than 0.5% whereas most trackers quoted on NextTrack announce a tracking error objective of 2%. Therefore, as it can also be noted on figure 1, CAC 40 Master Unit closely replicates the underlying CAC 40 index even if accumulated dividends delivered by the CAC 40 constituent shares move its NAV away until its own dividend payment 13 . It can be considered as an adequate alternative to futures for index trading.
Insert Figure 1.
Trackers listed on NextTrack, and most specifically CAC 40 Master Unit have quickly experienced a high level of creation of shares on the primary market and negociation in the secondary market. This success can certainly be explained by the growing success of index products and the ability of trackers to achieve a close replication of underlying index but also by the facilities offered to professionals. Trackers can in particular be sold short as they may be borrowed at commercial borrowing and lending desks and used as margin to cover positions in index derivatives. Such opportunities should have benefited to institutional investors as well as arbitrageurs and enhanced the link between option and index markets. We test this hypothesis through tests of put-call parity with the high frequency data set we shall now present.
Data and ex post efficiency
Data used in this study of the CAC 40 index option market efficiency are of three types, high frequency intradaily data of option transaction prices and index values, daily data of interest rates, of dividends delivered by CAC 40 constituent stocks with their daily returns and annual estimates of transaction costs for those same stocks. In a previous study, these data 14 allowed Deville (2003) to evidence, on the basis of ex post tests, the beneficial impact of the introduction of the CAC 40 Master Unit ETF on the PXL contract efficiency. We shall nevertheless present the broad results since these ex post deviations constitute signals for the ex ante tests of efficiency led in this paper.
The data
We A matching pair is selected each time we observe a call and a put having the same exact characteristics (strike price and expiry month) traded within a one minute trade-interval. Each pairing is associated with the index value prevailing at the same time, values also extracted from Euronext Database. Doing so, we avoid asynchronous bias that can lead to an overestimation of market efficiency. Options with less than two days and more than one year to expiracy as well as trades recorded with a premium inferior to 2 Euros has been excluded from the sample, which represents 7.55% of the 170,946 recorded transactions. This leads to a final sample of 4,279 matches, out of which 1,733 have been recorded before the introduction of trackers and 2,546 after. Dividends delivered by the underlying asset must be accounted for, unless calls appear arbitrarily overvalued. French stocks usually deliver annual dividends in May and June. Between August 2000 and June 2002, last expiry month of our sample, this is the case for 71 out of 78 dividends delivered by the CAC 40 constituent stocks. Discrete dividends have been extracted from Thomson Financial Datastream and expressed in term of CAC 40 index points on a daily basis. For each match, the present value of the dividends delivered between the trade and the expiration date have been calculated using Euribor as proxies for the risk-free interest rate. One week to one year Euribor rates have been obtained from Thomson Financial Datastream. The interest rate used for each matching is a linear interpolation of Euribor rates directly surrounding its time to maturity. Table 2 reports median daily activity indicators corresponding to the pairings series. A break in the activity can be noted for options series with more than one month to expiry, less than 10 trades being recorded the day of the match whereas more than 30 trades are observed for series within one week to expiry. The median time between transaction appears to be an unreliable indicator for thinly traded contracts since the few transactions recorded can be close without implying a stronger activity and a lower liquidity risk. Considering these conditions, one can expect better verification of arbitrage relationships for "short-term" contracts, everything else equals.
Insert Table 2 .
In the case of index options, the construction of arbitrage portfolios requires the trade of the underlying stock basket and therefore results in different transaction costs, explicit such as commissions and taxes as well as implicit such as bidask spread and price impact. Despite transaction costs estimation is a non trivial problem, all traders do not support the same level of transaction costs. Nevertheless, the transaction costs level accounted for is a key problem in such studies since larger transaction costs directly lead to apparent higher efficiency. Following Gould and Galai (1974) , we use a minimal transaction costs profile since market efficiency should be determined by the least-cost investors. We estimate transaction costs supported on the CAC 40 index constituent stock following Lesmond, Ogden and Trzcinka (1999) . This method enables to estimate total transaction costs (both explicit and implicit), using only daily returns, through a censored regression model that focuses on zero-returns. A daily zero-return is assumed to be observed whenever the information signal appear to be lower than the transaction costs supported by the marginal investor. Lesmond and al. (1999) annual estimates are highly correlated with classical transaction costs estimators. 15 Monthly estimates of round-trip transaction costs for the CAC 40 index are computed as the market value-weighted average of the annual CAC 40 constituent stocks annual estimates. This costs ranges from 0.109% to 0.113% depending on the month, which is very close to the 0.1% spread Capelle-Blancard and Chaudhury (2001) assume to be prevailing for the CAC 40 index. Transaction costs supported at expiry, whence the index position has to be cleared, are problematic since, neither the expiry index value nor the transaction costs level are known at inception. Following Nisbet (1992), we use the initial index value as estimate of the expiry index value 16 to calculate the closing transaction costs. Proportional transaction costs of 1%, including both explicit and implicit costs, are supported on option trades and no difference is made between borrowing and lending rates.
The put-call parity relationship
The notation used are the following: C t , European call premium at time t, P t European put premium, K, strike price, I t , index value, T , maturity of option contracts (expiration date), τ , time to maturity, r, risk-free interest rate, D, present value of dividends paid between transaction and maturity, expressed in index points, k i , total proportional transaction costs supported for buys and sells of calls, puts and index (i = C, P, I).
At every instant in time, if they exists, European calls and puts with the same characteristics (underlying, strike price and expiration month), their underlying and the risk-free asset are redundant. Therefore, as Stoll (1969) evidenced it for at-the-money options 17 , if non-arbitrage holds, their prices must satisfy the socalled put-call parity relationship (PCP):
If relation 4 is not verified by market prices, there exists an arbitrage opportunity. Distortions can be observed in two ways (the real call can be undervalued or overvalued with respect to the synthetic call that can be constructed with the put, the index and lending or borrowing at the risk-free interest rate) and one of the two opposite arbitrage strategies following must be followed in order to take advantage of the corresponding mispricing. They are usually called "long hedge" and "short hedge" strategies depending on the position held on the underlying asset.
When the call option is overvalued, the arbitrage strategy consists in buying the synthetic call and writing the "real" one. It generates an initial positive flow π LH equal to:
with i=C,P,I
Symmetrically, when the call option is undervalued, the arbitrage strategy to implement is the opposite of the preceding one and consists in writing the synthetic call and buying the "real" one. Its initial positive flow, π SH , eventually including transaction costs is equal to:
Ex post, those initial flows, calculated on the basis of transaction prices recorded at the pairing time, represent the arbitrage profit since both portfolios are to be held until expiry, whence in-the-money options will be exercised and the index position cleared, leading to a zero terminal pay-off. Without transaction costs, each pairing generates a positive flow of either relation 5 or 6 since calls are never priced exactly as expected by the PCP relationship. Note also that, in this no friction case, π LH = −π SH . Nevertheless, the violation of one these relations doesn't necessarily mean that there exists "profitable" arbitrage opportunities, since investors support transaction costs. Actually, these costs create a bandwidth around perfect market's theoretical prices within which prices can fluctuate without generating such opportunities. All results will be presented first ignoring transaction costs and then accounting for small proportional transaction costs as presented in the preceding section.
Ex post results
The results of the ex post tests led in a previous study with the same data (Deville, 2003) are recapitulated in Table 3 . The results are presented independently of the direction of the deviations (long or short hedge), for the samples preceding and following the introduction of the CAC 40 Master Unit. It first can be noted that PCP is never verified when transaction costs are not accounted for, since each match pairing could have been exploited through the construction either of a long hedge or a short hedge: The construction of the 1,733 minimal portfolios would have induced a median (mean) profit of 4.80 Euros (7.20 Euros) exclusive of transaction costs before the introduction of Master Share CAC 40. After its introduction, the median (mean) arbitrage profit fall to 2.77 Euros (4.00 Euros), the difference being statistically significant at the 1% level. When accounting for transaction costs, 35% of the pairings still deviate from PCP but the arbitrage profits remain roughly the same, inclusive of transaction costs and present the same shift in distributions. Therefore, contrary to the findings of Ackert and Tian (1998, 2001 ) on both Canadian and US markets, ETFs appear to have contributed in Paris to the enhancement of market efficiency, at least on the basis of ex post tests.
Insert Table 3 Nevertheless, even after the introduction of trackers on CAC 40 index, a non negligible proportion of observations still deviates from PCP, and could lead to positive arbitrage profits for the least costs investors. Although, the proportion and value of deviation appear to have diminished since the study of Capelle-Blancard and Chaudhury (2001) that is based on data from 1997 to 1999. To generate such profits, arbitrageurs should be able to trade immediately or, at least at the same prices than those recorded for the observations. This possibility is not ensured at all considering the degree of staleness of prices on the MONEP and the fact that market makers are likely to modify their quotes after any trade and more specifically after information motivated trades. As Galai (1977) outlines it, real tests of informational efficiency should be based on the prices prevailing on the markets once a trading decision has been taken. That is what we do next, through the adoption of ex ante approaches and replicating, as closely as possible, execution conditions available to traders for the CAC 40 option index contract. The ex post deviations, 4,279 matching pairs without transaction costs and 691 when accounted for, are the signals for the construction of arbitrage portfolios that are only eventually profitable. The next two sections present two different approaches of ex ante tests, firstly based on the introduction of execution delays and then measuring the degree of remanence of deviations.
Introducing execution delays
The first type of ex ante tests that we conduct consists in implementing the arbitrage strategies only after having observed an execution delay following the identification of signals made with the ex post deviations. This time delay, which reflects the time it takes for the actors on the market to intervene, cannot be observed. As a result, we have chosen five different lengths of time -from one minute to one hour-after which the building of the portfolios is started. After explaining the computing method for the ex ante profits inspired from Mittnik and Rieken (2000), we shall proceed with a presentation of the results, first with no frictions for the whole 4,279 pairings, then by taking into account proportional transaction costs for the 691 identified ex post deviations to the PCP relationship.
Methodology
The principle underlying the ex ante tests we are conducting in this section is somewhat conventional. It consists in building arbitrage portfolios and measuring the initial flow as was done ex post except that the contracts going into the portfolios must have been traded only a certain amount of time after a given signal. The use of high-frequency data allows us to define a strategy within a given day. The signals are identified on the basis of the pairings identified with the span of one trading day and all the recorded transactions can be used to build ex ante portfolios linked to each of the self-imposed time delays.
The process used to build ex ante portfolios is implemented each time a pairing generates ex post arbitrage profits. Each ex ante portfolio is built on the premiums of the first call and the first put traded after the signal once the waiting time has been observed. The five time delays considered before any intervention set back the beginning of the arbitrage by respectively 1, 3, 5, 10 and 60 minutes. Note that it does not imply that the transactions used to calculate the ex ante profit will actually be traded exactly after this precise delay or that the call and the put finally obtained will be synchronous since the execution delay is only used to determine the starting-time of the building process. We will include the index in the portfolios at its value at the time of the first transaction. Therefore, with π m the profit measured ex ante after an m-minute time delay, equations 5 and 6 become:
with n C and n P the time of the first call and put trade of the option serie considered after time t + m and n I = min (n C , n P ).
Owing to the high variability of the ex ante profit trends compared to their ex post values, it seemed necessary to assess this change one portfolio at a time before aggregating the results. With π the profit measured ex post the respective profit variations for the long hedges and short hedges are simply: (10) A negative value of the profit variation indicates that the prices have come closer to their no arbitrage values while conversely, a positive values shows that they have moved farther from efficiency.
With no bid-ask prices, it is not possible to determine in which conditions the incomplete positions could have been cleared. These portfolios were simply abandoned and no calculation of the profits was made. The tests then only relate to the signals that effectively led to the building of a delayed arbitrage portfolio but, as we will see when presenting the results, they make up in virtually every case more than half the original sample.
An example
As an illustration of the method used to test the put-call parity relationship based on the introduction of execution delays, we have reported the premiums used to calculate the ex ante profits and the values of these profits for one particular pairing in Table 4 . The selected pairing is made of a call and a put with a strike price of 6100 expiring in September 2000 and traded on 22 September 2000 at respectively 9:24 and 9:25 for 100 Euros. The pairing time was thus set at 9:25. At the time, the index was worth 6,115.72 points and the original flow generated ex post by a short hedge strategy was positive so that the ex ante profits will be calculated on the basis of this strategy for the five delays considered.
Insert Table 4 If we consider that the time delay before the intervention is one minute, a portfolio with identical features must be made on the basis of the premiums recorded after 9:26. At 9:26 a put trades in the same serie for 104 Euros. This allows us to set the first leg of the arbitrage with an index worth 6121.40 points at that time. It takes until 9:36 on that day for a call in the same serie to be traded with a 113.5 Euro premium. The portfolio is thus complete and the profits are calculated with and without transaction costs. On that day, an arbitrageur who can intervene one minute after identifying the deviations could have completed an arbitrage portfolio based on PCP 11 minutes after the signal. This portfolio would have generated an arbitrage profit of 8.56 Euros after deduction of the transaction costs.
This pattern is reiterated for the five execution delays that we have chosen. If the arbitrageur had been forced to wait longer before being able to intervene -let's say 10 minutes-the premiums at which she would have been able to conclude the transactions and the shifts in the values of the index would have been such that the initial flow to compose the portfolio would have been negative. After an hour, the portfolio can be partly built as early as 10:40 by selling the put. After that, we need to wait until 14:29, that is to say almost 3 hours to complete the portfolio by buying the call. During the first hour of delay and the three hours after the first transaction, changes in premiums are unfavourables. That is a good illustration of the liquidity risk presented by Kamara and Miller (1995) , the expected profit eventually turning into a loss.
The results
Two types of results are presented: first with no frictions then with the transaction costs but no costs for short-selling. With no transaction costs, all the pairings to the put-call parity relationship are deviating ex post to one or another of equations 5 or 6, so we have as many signals as we have original observations. If we take the transaction costs (but no costs for short-selling) into consideration, we are left with 691 signals distributed among 207 long hedge deviations and 484 short hedge deviations. The interpretation we will give is different in each case. With no transaction costs, we will have a rough idea of the general trend for the profits but, most importantly, we will show that this is trend is more significant after the deviating pairings ex post when transaction costs exist. After taking the transaction costs into account, we can assess the profit generated by an arbitrageur whose strategy would consist in always building portfolios with ex post profitable deviations while taking those costs into consideration. We will see that the profits fall sharply according to the time delays considered to the point where they become seriously negative even if the deviations keep on to a certain extent.
Without any transaction costs
Without transaction costs, any put-call pairing is identified ex post as a long hedge or a short hedge deviation. From then on, we have 4,279 signals with which we attempt to build arbitrage portfolios according to the direction of the initial deviation. In Table 5 -where the results of ex ante tests are entered for all the pairings, with no consideration to the direction of the deviation-it can be noted that the number of signals leading to the actual building decreases with the length of the time delay before any intervention. This is natural to the extent that the time-lag delays the time after which the portfolio can start being built, reducing therefore the number of transactions available to do so. 19 However, even with a one-hour time delay, more than half of the signals made it possible to build the associated delayed portfolio. Note that, because of the very principle on which arbitrage portfolios are built, those results undergo some asynchrony between the premiums used for the calls and the puts, there being no constraints on the time span between the selected transactions except that it is as shorter as possible considering the transactions recorded. Indeed, the median time elapsed between two option contracts used for the first time delay is 14 minutes. This, however, does not alter the significance of the results since we are trying to take into account the liquidity risk of an unfavourable price shift during the time it takes to build arbitrage portfolios.
Insert Table 5 General arbitrage profits trends The deviation percentage gives an idea of the ratio of portfolios actually built which generated a positive arbitrage profit. 20 Note the high level of stability for this measure; it is slightly lower when the time delay is lengthened from 1 to 5 minutes, then gains back 1% when the time delay is extended to 10 minutes and then to an hour. This is in contrast with the results of Mittnik and Rieken (2000) who noted many more profitable positions with short time delays -between 65 and 95% depending on the direction and the year-but the percentages drop to almost 50% when the time delays are longer.
The median profit follows the same trend, from 3.34 Euros ex post to 1.72 Euros after a five-minute time delay, going back up to 2.15 Euros. By contrast, the average profit goes down quasi monotonously with the execution delay imposed, from 5.29 Euros ex post to 2.45 Euros after a one-hour delay before execution. Even the smallest profits, however, remain significantly positive at the 1% level according to the Wilcoxon and Student tests performed. The profit variations calculated are all significantly negative at the 1% level. The median variations of profits seem more serious than the aggregated profits showed. Until the 5 minutes lag, the profit variations become larger and larger before they start diminishing in the case of median variations and leveling off in the case of average variations.
Ex post profitability and ex ante profit variation Overall, the observations shows that the calculated arbitrage profits diminish with the imposed execution quarter of the signals with no transaction costs. Moreover, if no transaction for one of the contracts is recorded after the time delay has been observed, the related delayed portfolio cannot be built. Finally, it is also the case, and more particularly for the one-hour time delay, when the original building time is later than 17:30 , the closing time for the MONEP's trading of index options. 20 With no frictions, it means that the flow originally calculated is positive for the direction of the ex post deviation. Non-deviating portfolios are actually those for which we have observed a deviation reversal, going from the long to the short hedge or vice versa.
lag. In that way, the market seems to react to the deviations observed without frictions. To assess this reaction more accurately, we thought it interesting to make distinctions among the signals observed ex post while taking into account the transaction costs. This is possible because of the size of our original sample. We assembled the 3,588 pairings compatible with the lack of ex post arbitrage in a first sub-sample (panel A) and the 691 pairings violating the parity relationship even when the transaction costs are taken off the initial profits in a second subsample (panel B). Table 6 shows, for each of these two panels, the profits 21 and differences in the average and median profits as well as the Mann-Whitney and Student statistics which make it possible to compare the distribution of those two panels.
Insert Table 6 It is not surprising to see that the profit distributions of the two panels are quite different. Median and average profits are clearly higher in the second panel. Indeed, in order for profits to remain positive in spite of cost deductions, it is necessary for prices to be far remote from their values without any arbitrage. Note, however, that the more than 12 Euros difference in the average ex post profits comes down gradually to slightly over 5 Euros when a one-hour time-lag is imposed. The market seems to react more strongly after deviating pairings. Studying the profit variations confirms this observation; price adjustment is more significant after the panel B observations. The market, therefore, appears to undergo active arbitrage operations; the deviations to the put-call parity relationship are considered signals either by the arbitrageurs who will then seek to exploit the identified arbitrage opportunities as quickly as possible, or by the market-makers who will review the prices they bid and offer. To assess to what extent such arbitrage strategies are profitable, we measured the flows generated by the portfolios in panel B while integrating the transaction costs.
With proportional transaction costs
The sample for which we estimate profits with the transaction costs is made of 691 the deviations identified ex post with transaction costs. Here we have made a distinction between the 207 long hedge deviations and the 484 short hedge deviations. For the first deviation direction, between 64 and 77% of the signals led to the building of a complete ex ante portfolio. This is true only for 40 to 60% of short hedge signals with the ratios coming down with the length of the execution delay.
Insert Table 7 Insert Table 8 The first significant point is the number of built portfolios (potential arbitrage opportunities) which generated ex ante positive flows (actual arbitrage opportunities). For the long hedge and for the minimum one-minute delay, the ratio is already down to only 54.38%, the construction of the remaining portfolios having needed an initial cash-flow contribution. After a ten-minute delay, more than half the potential arbitrage opportunities actually generate a negative initial flow. The same type of observation can be made for the short hedge even if a one-hour time delay is necessary to obtain similar results.
Insert Figure 2 As we had shown without transaction costs, the average price change which can be observed on the arbitrage profit box-plots series on page 43 reinforces the hypothesis of an informational efficiency of the market. The median and average profits calculated ex ante diminish monotonously with the length of the execution delay. For the long hedges, profits are significantly positive only ex post and they even become significantly negative (either only at the 10% level) for the 10-minute time delay with an average cost of 1.44 Euro. The median profit generated by the short hedges remains significantly positive even after an intervention delayed by 3 minutes. By contrast, after a one-hour time delay, it become highly negative with a cost of more than 4 Euros.
Whatever the direction of the deviation, the profit variations are significantly negative. This underscores the return of prices towards values compatible with no-arbitrage after the deviations, return we already noted in the previous tests. This is especially the case for short hedges for which a fall in the average profit of over 8 Euros for the longest time delay is observed. Table 9 sums up the results obtained ex ante with the transaction costs taken into consideration when the signals are divided between the period before introducing the tracker (428 signals regardless of the direction of the deviation) and the period following this introduction (263 signals). The improved verification of the parity relationship observed ex post is echoed ex ante in the ratio of the portfolios actually built that generate arbitrage profits. The difference between the two ratios, still significant at a 1% level, grows with the length of the time delay -from barely 14% for a one-minute time delay to nearly 30% for a one-hour time delay. In the same way, the profits are always significantly lower after the tracker is negociated on NextTrack. Furthermore, they become negative right after the one-minute time delay is observed for this sample, whereas a one-hour time delay is necessary to obtain the same result before the tracker is traded. This applies only to the average profit. The results concerning the comparative variation of profits are much less clear. The difference between the two variations is hardly ever significant and changes sign with each new time delay. This type of test does not seem to give enough information to draw conclusions on the impact the tracker has on the speed at which the market returns to no-arbitrage prices.
The impact of the tracker
Insert Table 9 All the tests undertaken indicate that the profits that can be expected on the basis of strategies that are "accessible" to investors are much lower than those recorded ex post. Those profits are also significantly lower during the sample period that follows the introduction of the tracker. And yet, even if the efficiency seems better verified ex ante, some significant arbitrage opportunities are still profitable. If the intervention had been only one minute, it would have been possible to obtain significantly positive profits with the help of the tested strategy, that is by building the deviation portfolio ex post based on the next transactions, at least before the tracker is available. One particularly interesting point is the change in prices that followed the identification of the ex post deviating pairings. It seems that the observed premiums adjust more sharply after the signals made by the deviations, all transaction costs deducted. However, the ex ante testing method does not make it possible to draw final conclusions on this point. It seemed necessary to develop a new measurement for the informational efficiency, the time to efficiency, this measurement exploiting also more fully the data available to us.
Time to efficiency
Ex ante tests based on the observation of an execution delay on the markets allowed us to measure with the best possible accuracy the profits that could have been reached on the basis of a predefined arbitrage strategy. However, the results are rather difficult to analyze from the point of view of the general dynamics of the prices toward the values compatible with no arbitrage. The profit evolution is indeed measured for fixed delays only and this leaves long periods without any new information although such information can be potentially reached with our intradaily data. Besides, all the transactions and index values observed before the end of the delays are systematically ignored by this kind of tests. This is due to the fact that premiums are implicitly supposed to be stale in the very minute following the transaction for which it was quoted. If the market makers effectively revise regularly their spreads for the actively traded CAC 40 index options, they do not necessarily do it instantaneously. In this case, transaction prices remain valid during a certain time.
Finally, the decreasing degree of remanence of deviations, observed not only in the previous section but also by Mittnik and Rieken (2000) on the German market, suggests that market prices get back to efficiency values, but only progressively. A good measure of the efficiency, or rather of the informational inefficiency of derivatives markets, could be the remanence time of arbitrage opportunities. We define and use such a measure which we call "time to efficiency": it is the time necessary for the market, once an ex post deviation has been identified, to meet prices compatible with no-arbitrage. The profits will be this time derived, not from the prices of future transactions, but on those of transactions observed before, supposing that there are still valid transaction prices.
After defining the method used to derive the time to efficiency (TTE in the following) we shall give an example to illustrate its computation. Then we shall present the results obtained with and without transaction costs.
Methodology
The measure of informational efficiency of derivatives markets described in this section is based on the study of the dynamical evolution of arbitrage profits once an ex post deviation to the put-call parity relationship has been identified. For this purpose, all the call and put transaction prices and the index values obtained after the deviation time are taken into consideration. The initial data basis thus consists of the ex post deviations and, as for the delayed ex ante tests performed previously, the pertinent prices are extracted from the call and put transaction and index values data bases. For each signal, the pertinent data set contains every call and put transactions with the same strike price and expiration observed between the deviation identification and the market close on the same day. Contrary to other studies, we do not consider transactions on the following day.
We compute the time to efficiency for every ex post deviation to put-call parity. The principle of this computation is quite simple: the initial arbitrage profit is reevaluated, using equations 5 and 6, for each new value of one the financial instruments (call, put and index) necessary to the construction of the arbitrage portfolios. Practically, since CAC 40 index values are disseminated every 30 seconds, a new value of the arbitrage profit, at least based on the evolution of this value, is obtained with this periodicity. The time to efficiency is then the time necessary to nullify the arbitrage profit.
It frequently occurs that several totally identical transactions have been recorded in the same minute. The transaction prices are not necessarily identical and we have chosen to keep the premium that lead to the smallest profit. 22 Consequently, we obtain a lower limit on the time to efficiency. 23 The transaction recorded before the market close have not always induced a return to efficiency, the profit always remaining positive. With no transaction costs, it is the case for 20 out of the 4 279 identified deviations, all of which being very close to the close. For the 691 deviations identified with transaction costs, 6 deviations identified between 17:26 and 17:28 have not returned to efficiency. For these few deviations, no TTE has been derived and they have not been considered in the aggregated measures of TTE.
Finally, to complete the presentation of the results and to obtain a more precise vision of the dynamics of TTE, we sorted out complementary information to the TTE calculated up to now. These are the number of transactions recorded on the market for the call and put serie corresponding to the deviation pairing, the elapsed time between the last transaction of call or put and the return, and last, the kind of option traded within the last minute if a transaction has occurred. Table 10 illustrates the derivation of the time of efficiency for a deviation to the put-call parity relationship identified on 22 September 2000 at 9:25. At this exact minute the calculation of the ex post profit for this pairing shows a violation of the short hedge. Transaction costs decrease the arbitrage profit but it still remains positive. The derivation of the time to efficiency is then performed twice, firstly without friction and then taking transaction costs into account.
An example of return to efficiency
Insert Table 10 Thirty seconds after the identification of this deviation, the index value is actualized. The calculation of the profits is then performed on the basis of the new value: the decrease of 0.47 point induces an equivalent growth of the arbitrage profits. At 9:26, 100 puts with the strike price 6100 and expiration September 2000 are traded at a premium of 104 Euros. Once again, whence the index value is actualized, the profits are measured, again with the same call premium, 100 Euros. The simultaneous increase in the value of the index and of the put, both sold short to construct the portfolio, induces an increase of the associated profit. The same process goes on until the measured profit becomes negative, knowing that as soon as a new call/put transaction is observed, the observed premium replaces the precedent one in the derivation of the profits.
When considering transaction costs, the increase of the call premium used in the calculation, result of the two transactions recorded at 9:36 for identical premiums equal to 113.5 Euro, is such that the gain becomes negative. So, the calculation is stopped and the informations recorded by the program are the following: the time of efficiency is 11 minutes. During this time, 2 call transactions, 3 put transactions and 22 different index values have been recorded; the call brings the profit towards negative values.
On the contrary, without friction, the profit remains positive and two extra minutes are needed for getting a negative calculated profit due to the index evolution. During these two minutes four simultaneous transactions have been recorded with a minimal premium of 95 Euro. The informations brought back by the program are then a time to efficiency equal to 13 minutes, 2 calls and 7 puts exchanged, 26 index values recorded and the index is the title having nullified the profit.
Insert Figure 3 
The results
The results obtained are of two types. On the one hand, we get the TTE's, calculated for each ex post deviation identified and aggregated for each studied sample, and, on the other had, we get the associated statistics -ratios of return types: with the first increment of the index value and without any option transaction-and the number of call and put trades within this time.
As in the precedent section, we show two series of results without and with transaction costs. In both cases, we distinguish the pairings according as they have been identified before or after 22 January 2002 so that we can appreciate the CAC 40 Master Unit impact on the arbitrage opportunity persistence. Taking into account transaction costs also allows to determine for every pairing the time during which real arbitrage gains could have been obtained as soon as deviations are identified. We show again that the introduction of trackers favored market efficiency, the persistence of market inefficiencies being much less as soon as this new replication opportunity has been available to traders.
Without any transaction costs
The time of efficiency has been derived for every 4,279 pairings, since each generates a positive profit without transaction costs, either through the construction of the long hedge portfolio (equation 5) or the short hedge portfolio (equation 6). It is worth noting that, although associated with a large initial flow (more than 20 Euro for a little more than 3% of them), 20 pairings only, all identified after 17:00, do not exhibit efficiency prices before the market close.
Insert Table 11 A large variety of types of returns to efficiency has been observed, either for the duration, or the transactions recorded during this time, or the title that induce a negative profit. Besides, in numerous cases, such as the previous example, the trajectory is not monotonous but is instead constituted of succession of falls and rises of the measured arbitrage profit. However, two sets of observations arise, that of pairings for which the index value observed thirty seconds after the ex post deviation is enough to null the profit and that of pairings for which the return was performed without any option transaction during this time (the first set being included in the second one). The size of these sets, which amount respectively to more than 15% and 51% of the observations, shows the importance of the evolution of the underlying index values in the determination of the calculated times to efficiency.
The number of transactions recorded during these returns, also reported in Table 11 , confirms this fact since the average number of call or put transactions is only slightly superior to one. 24 This result can be put together with that obtained by Capelle-Blancard and Vandelanoite (2002) in their study related to lead-lag intradaily relationships between the PXL contract and the CAC 40 index between 1997 and 1999. They indeed show that an average of 2 transactions was sufficient for the price of both assets to integrate a new information.
More than half deviations lead to a negative flows for the construction of the arbitrage portfolio after only 4 minutes. It is a relatively short time, particularly if this time is compared to the median times between option transactions observed for the PXL contract, which is less than 5 minutes only for set of puts having more than 6 months before expiration (see Table 2 on page 32). The median time between transactions calculated for the series of options corresponding to pairings with less than one week to expiration is 5 minutes and it increases with the number of days to expiration. Once again, the Mann-Whitney test shows a significant drift of the tested distribution associated to the tracker introduction, the median TTE decreasing from 6 to 3 minutes.
Insert Figure 4 Mean TTE's are much larger. This points out that the distributions are skewed on the right of the graph as it can be seen on Figure 4 for samples before (blue line) or after (red line) the tracker introduction. This figure shows the nonparametric representation 25 of the distribution of TTE sets for the two samples, time being given in minutes on the absissa axis. One can note on this figure that, besides the difference between the two distributions, pairing multiplication for some transactions induces peaks in the estimated density function, for example around 250 minutes for the TTEs following the tracker introduction. We shall see now that when including transaction costs we reach identical conclusions.
Wtih proportional transaction costs
When the transaction costs associated to the construction of the ex post arbitrage portfolios are deduced, there remains only 691 deviations to the put-call parity relationship, two thirds of them being identified before the introduction of the CAC 40 Master Unit. The types of return here observed are nearly the same than in the case without friction. What is surprising in the results reported in Table 12 is that taking into account the costs does not induces a significant decrease of TTEs even though the initial ex post profits, starting point of the series of calculated profits, are smaller and though the price variations are increased by the supported costs.
Insert Table 12 Insert Figure 5 The most remarkable point is probably that the arbitrage opportunities after introduction of the tracker subsist only during a median time of 2 minutes, instead of 6 in the previous period. As mean of comparison the median time measured between the buy and the sell option transactions of the same series is equal to 9 minutes (resp. 8) for the calls and 11 minutes (resp. 6.5) for the puts before (resp. after) the introduction of the tracker. The TTE distributions are shown in Figure 5 where one can note regular peaks of the blue density function for time superior to 2 hours. This improvement can be explained by a quicker adjustment of prices after the tracker introduction but the main reason seems to be rather that deviations are less drastic for this period of time. Since then, similar adjustments of prices generate an earlier return of the market to efficiency. To be sure of that it would be necessary to study in more details the trajectories followed by the successive profit adjustments after the identification of the deviations.
Conclusion
In this paper, we have conducted several ex ante tests of the put-call parity relationship that offer a more precise and dynamic overview of the French CAC 40 index option market efficiency than possible on the basis of ex post tests. One point particularly worth to be noted is indeed the temporary nature of arbitrage profits outlined by the decrease in arbitrage profits with the duration of the execution delays. Actually, the average profit generated by a strategy consisting in the construction of the arbitrage portfolios for every ex post deviation identified after the observation of an execution delay of 10 minutes, appear to be negative, once the transaction costs are deduced. The introduction of transaction costs in the calculation of ex post profits has been a used as a mean to separate our initial sample in two sub-sample, the pairings that are compatible with no-arbitrage and the deviations. For every delay introduced, the profit variation is significantly more severe for the second sub-sample. This result seems to confirm the fact that information is incorporated in the transactions following distortions to putcall parity. "True" deviations are identified by market participants and drive them to intervene. Nevertheless, on the basis of such a methodology, we still can't to precisely determine whether market makers revise their quotes immediately or if transactions exploiting the arbitrage opportunities have been recorded before.
The calculation of the time to efficiency should be of help to reply to this question, considering the data available on the MONEP. This new measure of informational efficiency developed in this paper can be considered as an indicator of the option markets resiliency. The median time of persistence is of the order of 4 minutes, independently of the deviations arbitrage strategies concerned. This is a short period and this should lead us to recognize the high degree of efficiency of the studied option contract. Although, during this same period, on average, a little more than one call and one put transaction have been recorded for the deviating series, at prices allowing for arbitrage profits. This general result masks the improvement of the efficiency consecutive to the introduction of the CAC 40 Master Unit ETF. In all cases, ex ante profits are significantly smaller once this replication opportunity has been available to traders. More, time to efficiency have been cut by half and market prices meet no-arbitrage values again within less than a transaction of each kind of option contract. Such results confirm the ability of the more and more heavily traded ETFs to improve the link between stocks and derivatives market compartments.
[ The median has been calculated for each indicator on the basis of the whole set of pairings identified for each time to expiration class ("n. obs." refers to the number of pairings obtained for each class). "Transactions" is the number of option trades recorded the same day for the series corresponding to the pairings, "Volume" is the corresponding number of contract traded and "Median time" is the median time between these transactions (minutes). Table 3 : Ex post put-call parity deviations before and after tracker's introduction This table reports the results of the ex ante tests of put-call parity with delayed execution (lags are set to 0, 1, 3, 5, 10 and 60 minutes) and no transaction costs. Deviations to long hedge (eq. 7) and short hedge (eq. 8) relationships have not been distinguished. The top of the table presents the sample, the middle deals with arbitrage profits and the bottom with profit variations with respect to the ex post profit. "Observations" stands for the number of pairs of options followed by transactions the same day, once the lag has been observed, i.e. for which we are able to construct the arbitrage portfolio. "% initial" represents the proportion of the initial 4,279 pairs for which the ex ante profit has been measured. "Deviations" and "% deviations" are the number and proportion of portfolios (from the signals) that violate PCP relationship once the lag has been observed. Median and mean arbitrage profits have been measured on the basis of the initial flow of all constructed portfolios (deviating and non-deviating). For each signal, the "Profit variation" is the difference between the immediate ex post profit and the lagged ex ante profit. Asterisks * * * denote significance at the 1% level in bilateral tests. c the number and d proportion of ex ante portfolios leading to positive arbitrage profits. Median and mean arbitrage profits are calculated for the full sample (observations). For every observation, profit variation equals the difference between ex post and ex ante profit. The null hypothesis for statistics is that the value is equal to zero. Asterisks * * * , * * , * denote significance at the 1%, 5% and 10% levels respectively in a bilateral test. a Between 9:25 and 9:38, we report the call and/or put premium when a transaction of a contract of the call and put series with strike price 6100 and expiry sep. 2000 occurred and, every 30 seconds, the new index value.
b Arbitrage profits are calculated for the initial deviation direction (short hedge for this case) on the basis of the prevalent index value and the last call and put premium. 
